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ABSTRACT 
The stratigraphy, structure, and depositional environments 
of the Naborton, Do let Hi 11 s ,. and part of the Cow Bayou Fonnations 
(Wilcox Group, Paleocene) at the Oxbow Mine site, Red River, De Soto, 
and Natchitoches Parishes,. Louisiana, were evaluated from a study 
of four continuous cores and 466 geophysical logs. 
Overlying 40 feet {12 m) of silty Porters Creek shale is 
the Naborton Formation composed of 130-195 feet (40-59 m) of sand, 
silt, clay, and lignite. There are three lignites in this formation 
and their average total thickness is 13.5 feet (4. l m), or about 
10% of the formation thickness. The maximum individual lignite 
thickness is 11 feet (3.4 m}. The lateral extent of each lignite 
is controlled by recent erosion and by some thick sand units in the 
Naborton and Dolet Hills Formations. The Dolet Hills Formation is 
composed of 55-208 feet (17-63 m) of sand with interbedded silt and 
clay. The Cow Bayou Formation is composed of sand, silt, clay, and 
lignite. It is generally restricted to the southern and eastern 
parts of the study area because it has been removed by recent 
erosion elsewhere. A lignite at the base of this formation has a 
maximum thickness of 6 feet (1.8 m). 
The lowest lignite in the Naborton Formation, with the 
simplest structure,strikes N. 35° E. with an average dip of 39 
feet per mile (7.4 m/km) to the southeast. The overlying lignites 
ix 
are folded and are often structurally higher over thick sand units 
due to differential ·compaction. Normal faults with throws of up 
'to 50 feet (15.2 m} are present in the northern part of the study 
area. 
The Naborton Fonnation was probably deposited in distrib-
utary channel, levee, crevasse splay, overbank, and swamp .environ-
ments. The depositional setting probably progressed from lower 
delta plain toward the transition with upper delta plain, and 
sediment transport was probably from north to south and northwest 
to southeast through the study area during Naborton deposition. 
The Dolet.Hills Formation_was probably deposited in distributary 
channel, fl uvial channel, crevasse splay, and lacustrine environ-
ments. The Cow Bayou Formation probably_was deposited in crevasse 




The purpose of this study is twofold. The first is to define 
the detailed stratigraphic relationships of the sand and lignite units 
of the Naborton, Dolet Hills, and Cow Bayou Formations (Wilcox Group) 
at the Oxbow Mine site. The understanding of these relationships 
is needed to plan efficient mining operations since they influence 
hydrologic, materials handling, and slope stability aspects of oper-
ating a strip mine. In addition, the lateral extent, thickness, and 
structural attitude of the lignite beds are used to determine the min-
able reserves present. 
The second purpose is to interpret the depositional environ-
ments of the lignite-bearing sediments. This is a more academic goal 
to better understand the origin and sequence of events that resulted 
in an economic lignite deposit. 
Location 
Phillips Coal Company's proposed Oxbow Mine site is in the 
alluvial plain of the Red River 45 miles (72 km) southeast of Shreve-
port in northwestern Louisiana (Fig. 1). The mine site is west and 
south of the villages of Armistead and Hanna on Louisiana Highway 1, 
west of the Red River (Plate 1). The study area covers about 45 
1 
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fig. 1. Map of northwestern Louisiana showing the location of 
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square miles {117 sq km), and includes portions of Red River, De Soto, 
and Natchitoches Parishes. The Red River flood plain is about eight 
miles {12.8 km) wide here, and the relatively flat surface is inter-
rupted only by the erosional outlier known as Coushanda Hill at the 
north end of the mine site. Most of the original forest cover has been 




Since the beginning of the Mesozoic Era the northern edge of 
the Gulf of Mexico has been an area of active sedimentation. In excess 
of 50,000 feet (15,240 m) of sediments in the Gulf Coast are assigned 
to the Mesozoic and Cenozoic Eras. These sediments rest on a basement 
of Precambrian(?) crystalline rocks and, in the northern part, on 
Paleozoic sedimentary rocks (Rainwater, 1968, p. 124). The strati-
graphic sequence in Red River and De Soto Parishes (Fig. 1) consists 
of approximately 13,500 feet (4,100 m) of sediments ranging in age 
from Jurassic to Eocene. 
The Jurassic sequence consists of about 4,000 feet {1,200 m) 
of interbedded dark shale, limestone, and sandstone with some red 
beds of marginal deltaic origin. The Lower Cretaceous sequence {Coahuila 
and Comanche Series) consists of about 6,000 feet (1,800 m) of 
limestone, sand, anhydrite, and shale of marginal deltaic origin. The 
Upper Cretaceous sequence (Gulf Series) consists of about 1,700 feet 
(520 m) of limestone, shale, chalk and sandstone of marine origin. 
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The Cretaceous rocks are conformably overlain by about 600 feet (180 m) 
of Midway (Paleocene Series) dark shale, clay and variable amounts of 
limestone of marine origin. This study deals with the lower part of the 
Wilcox Group (Paleocene and Eocene Series) that overlies the Midway. 
The Wilcox in Red River and De Soto Parishes consists of about 1,000 feet 
(300 m) of repetitious sequences of sand, lignitic silt, calcareous 
silt, and clay of fluvial and deltaic origin (Murray, 1948, p. 46). 
The first major regression of the Gulf in Cenozoic time is 
represented by the Wilcox elastic wedge derived from sources in the 
Rocky Mountains and interior plains uplifted by the Laramide Orogeny 
(Paleocene and Early Eocene) (Rainwater, 1968, p. 124 and 129). The 
Wilcox Group thins to less than 400 feet (120 m) in Caddo and Bossier 
Parishes north of the study area, and has not been differentiated into 
formations (Page and May, 1964, p. 37}. South of the study area the 
Wilcox thickens to over 5,000 feet (1,500 m) in southwestern Vernon 
Parish. This maximum thickness trend continues along strike from 
southern Louisiana to the southern coastline of Texas where the Wil-
cox Group is more than 8,000 feet (2,400 m) thick. The Wilcox Group 
thins south and east of this trend (Williamson, 1959, Fig. 5). 
The distribution of the Wilcox deltaic sands is shown on 
Figure 2. The study area, on the southeast flank of the Sabine Uplift, 
is between the Holly Springs and Rockdale deltas. Sediment deposition 
in the study area probably was controlled by these delta systems as 
well as the structural activity of the Sabine Uplift. The Tertiary 
sequence is thought to represent a series of cycles of transgression 
~-
6 
Fig. 2. Location of the Sabine Uplift relative to Wilcox deltas 
mapped by Fisher and McGowen 1967, Galloway 1968, and 





















and regression (Dixon, 1965) with the younger (Miocene-Recent) sequences 
advancing farthest into the Gulf of Mexico. 
Structure 
The predominant structural feature of the northern marJin of 
the Gulf Coast is the Mississippi Embayment, which flanks the modern 
Mississippi River. The study area is on the southeast flank oi the 
Sabine Uplift, a domal structure straddling the Texas-Louisiana boundary 
. I 
west of the axis of the embayment. The Sabine Uplift is thoug~t to 
have been a slightly positive feature since the Cretaceous, but did 
not assume its present relief until the end of Miocene time (Mqody, 
I 
I 
1931, p. 547). This uplift is defined by the outcrop of the top 
of the Tertiary Wilcox Group (Fig. 2), a roughly circular area 95 miles 
(152 km) in diameter (Murray, 1948, Plate 10). The sediments that 
crop out in the study area are part of the lower Wilcox Group. ] Sedi-
ments belonging to the Midway Group are present in the shallow sub-
surface. The Tertiary sediments disconfonnably overlie Cretaceous 
i 
rocks that dip about one-half degree to the southeast in the s,udy area. 
Dips on the base of the Ozan Chalk (Upper Cretaceous), as mapp1d by 
Murray (1948, Plate 3), are 38 feet per mile (7 m/km) across tne study 
area. Dips on the base of the Austin Chalk (Upper Cretaceous), as 
mapped by Geological Consulting Services (1968, Map LA-101), a1e 
50 feet per mile (9.5 m/km). In Sabine and Natchitoches Paris~s, 
south of the study area, the northeast trending Angelina-Caldw~11 
flexure has been delineated. This feature is a hinge line, 2-S miles 
(3.2-8 km) wide, where the dip of the beds increases from abou~ 50 
feet per mile (9.5 m/km) to 200 feet per mile (38 m/km) or more. The 
9 
steeper dips are reported to persist downdip (Andersen, 1960, p. 117). 
Faulting.in the Austin and Ozan Chalks predominantly trends northeast-
southwest with some graben features present. Large numbers of surface 
lineations have been mapped by Wermum;i (1955, Fig. 4), and many of 
these lineations represent faults in the Tertiary sediments (Andersen, 
1960, p. 120). 
Previous Work 
Stratigraphy 
The first geological investigation of northwestern Louisiana 
was by Hilgard (1869). He proposed the name "Mansfield Group" for 
some Eocene sediments on the Sabine River. Harris and Veatch (1899) 
correlated the faunal units of what is now considered the Wilcox Group 
in Louisiana with the Lignitic of Alabama. Veatch (1905) suggested 
the substitution of the term "Sabine" for "Lignitic". The term "Wilcox" 
was introduced in Alabama in 1906 by Crider and Johnson, and came into 
popular usage for the deltaic sequence above the dark clays of the 
Midway Group. Howe and Garret (1934) noted the priority of the name 
Sabine and proposed the use of Sabine Group, Wilcox Subgroup, and 
Mansfield Subgroup (Fig. 3). The base of the Ostrea thirsae zone was 
suggested as the dividing line between the two subgroups. In Red River 
and De Soto Parishes, Murray mapped three formations of the Mansfield 
subgroup, which were found to have Midway faunas (Barry and LeBlanc, 
1942), and published the stratigraphy in 1945 (Murray and Thomas, 1945). 
Murray (1948) later published a more complete report on the area. Sub-
sequently, some conflict occurred over the proper terminology for the 
10 
Fig. 3. Stratigraphic terminology for the study area (modified 
from Durham and Smith, 1958 and Andersen, 1960). The 
present study follows the age relationships of Durham and 
Smith and the stratigraphic tenninology of Andersen. 
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wedge of gulfward-thickening deltai.c sediments of Wilcox lithology 
but with fossils considered to be Midway. Murray (1955) attempted to 
clear up the conflict by proposing separate time and rock terminology. 
Durham and Smith (1958) thoroughly reviewed the problem and suggested 
a similar solution. Andersen (1960) published a report on the geology 
of Sabine Parish and revised some of Murray's stratigraphic terminol-
ogy. This study will follow the terminology used by Andersen (1960) 
and Durham and Smith (1958) (fig. 3). The relationship to the Wilcox 
Group in Texas and Alabama is shown in Figure 4. 
Depositional Environments 
Regional studies of the depositional framework of the Wilcox 
Group have been carried out by Fis her and McGowan (1967) in Texas, 
and Galloway {1968) in Louisiana and southern Mississippi. They de-
fined two large delta complexes, the Hol]y Springs to the east of 
the study area and the Rockdale system to the west (Fig. 2). Cleaves 
(1980) mapped the sands of the fluvial system in Mississippi that 
is contemporaneous with the Holly Springs delta system. Further studies 
by Kaiser {1974) refined earlier interpretations of sand body geometries 
and lignite occurrences in Texas. 
Lignite seams in the Gulf Coast area are not as continuous over 
hundreds of square miles as some of the Pennsylvanian bituminous coals 
of the Midcontinent and Appalachians. Kaiser (1974} showed that along 
the Wilcox Group outcrop in Texas lignites are most abundant in areas 
of less abundant sand between predominantly sand belts that are elongate 





Fig. 4. Generalized regional east-west cross section showing 
stratigraphic relationships between the study area 
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of abundant sand with a bifurcating channel geometry (Kaiser et al. 
1978). 
In De Soto Parish, west of the study area, Roland et al. 
(1976) mapped the distribution of the,Chemard lake lignite lentil 
( the "C" lignite seam in the present study area). He showed an inter-
fingering relationship between some sands and clays overlying the 
lignite (Roland et al. 1976, p. 71). 
South of the study area, Coates (1979) mapped some sands and 
lignites in the subsurface of the Lower Wilcox Group, some of which 
are equivalent to the sediments in the present study area. He be-
lieved the lignites he mapped were associated with interdistributary 
flood basin deposits and that the lower Wilcox Group is a typical 
progradational deltaic complex in the eastern portion of his study 
area but more of a marginal ·deltaic plain in the western portion (Coates, 
1979, p. 113). He noted that the sediment transport direction across 
his study area was northwest to southeast (Coates, 1979, Fig. 43). 
To the west of the study area, Hogenson (1980) interpreted Dolet 
Hills sediments to be representative of a crevasse or bay fill deposit. 
Watson (1979) studied a Wilcox Group lignite deposit in north-
eastern Texas. He interpreted the sediments to have been deposited 
in a flood basin adjacent to a fluvial channel, and that the channel 
migrated away from the basin making possible the deposition of the 
lignite seam at the top of the sequence. 
Kaiser et al. (1978, 1980) interpreted various depositional 
environments of the Wilcox in Texas. In southern Texas, they described 
the Wilcox as an extensive barrier bar and associated lagoon bay system. 
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The Wilcox Group is 400-1,400 feet (121-427 m} thick in this part of the 
state. Associated with this system are bay head delta systems with 
overlying lignites (Johnson, 1977}. In central Texas, Kaiser et al. 
(1978, 1980} mapped Wilcox fluvial and deltaic systems with lignite 
occurring between channel san9 belts. The Wilcox Group in this part 
of Texas is 1,200-3,500 feet (366-1,067 m) thick. The lignites in 
central Texas apparently accumulated in hardwood swamps in interchannel 
basins formed by bounding alluvial ridges of ancient river courses. 
Seams are 2-25 feet (0.6-7.6 m} thick and typically are 5-10 feet 
(1.5-3 ml thick. Some lignites have been traced along strike for up 
to 14 miles (22 km). Kaiser et al. (1978} described the Wilcox in 
East Texas as deposited on a high alluvial plain within a subtropical, 
humid paleoclimate. Thickness of the Wilcox is 400-1,400 feet (121-427 m} 
there. They observed that Wilcox. Group lignites of that area are found 
most abundantly in environments representing sand-poor interchannel 
areas. 
Clardy (1978} interpreted the Wilcox Group in Arkansas as 
representing nonmarine to shallow marine environments. He described 
Wilcox lignites up to 5 feet (1.5 m} thick. Thickness of the Wilcox 
ranges up to 400 feet (121 m) in the southwestern portion of the state 
with a maximum outcrop width of 21 miles (33 km) (Tait et al. 1953, 
p. 7; l:udwig, 1972, Plate 4). 
Both Coleman (1976, p. 46} and Kaiser (1978, p. 52) used 
geophysical log characteristics in the interpretation of depositional 
environments. They stated that distributary channel deposits have a 
blocky log response, whereas crevasse splay deposits have an "inverted 
17 
Christmas tree"· response reflecting a coarsening-upward sequence. 
Recent investigations into the depositional environments of coal-bearing 
sequences have been carried out by Horne et al. (1978), Beaumont (1979), 
Flores (1981), and Ethridge et al. (1981). They have documented criteria 
needed to identify specific environments from stratigraphic relation-
ships and sedimentary features. Further help in the interpretation of 
depositional environments can be gained from modern examples from the 
Mississippi delta system (Coleman, 1976; Frazier and Dzanik, 1969). 
Methods 
Sediment Core Interpretation 
In the fall and winter of 1977, I supervised the taking of four 
continuous cores through the overburden and minable seams of lignite in 
the study area (Plate 1). Core recovery was about 75%. The core inter-
vals, recovery, condition, and coring equipment used were recorded on 
core description sheets. The core sample then was cut into two-foot 
(.6 m) long sections, wrapped in plastic wrap or aluminum foil, slid into 
sections of plastic tubing, and laid in core boxes. Core intervals were 
labeled on the tubing and boxes to correspond to the information on the 
core description sheets. Later, the core was opened, cut longitudinally, 
and described with the aid of a binocular microscope. The range of grain 
sizes was estimated by visual comparison of the cored sediments with a 
grain size card. Color was determined by comparison with a rock color 
chart (Goddard, 1948). The shape and sorting of sand-size grains was 
determined by comparison with figures in Compton (1962). Other parameters 
noted were: 1) induration, 2) bedding, 3) weathering, 4) bioturbation, 




Geophysical Log Interpretation 
Geophysical logs from 466 boreholes were used in the mapping 
for this study (Plate 1). These and many other boreholes were drilled 
and logged under the supervision of several geologists employed by 
Phillips Coal Company between 1974 and 1979. The logs used in the 
study were selected to give an even distribution of data points 1,500 
feet (457 m) or more apart and to cover the largest stratigraphic 
interval possible. Each log has four curves: 1) natural gamma, 
2) spontaneous potential (or caliper), 3) gamma-gamma density, and 
4) single point resistance (or resistivity). The function of each 
curve is discussed by Century Geophysical Corporation (1979) and 
Schlumberger (1972). Also, Vaninetti and Thompson (1981) have discussed 
the use of geophysical logging in coal exploration. The natural gamma 
curve shows relative clay content of the formation, the spontaneous 
potential (S.P.) curve shows where permeability is present, the gamma-
gamma density curve highlights the very low density and very dense beds, 
and the resistance-resistivity curves show relative porosity and pore 
water salinity. No single curve should be used without confirming 
the interpretation with the other curves. 
Geophysical logs run in the four continuous-core holes are 
plotted on Plates 2-5 with the core descriptions, and have been used 
as standards in the interpretation of lithology from the 466 geophYsical 
logs. The lithology names used are sand, silt, clay, coal, and hard-
streak (any cemented bed) (Fig. 5). The interpretations are simpli-
fied from what lithology is actually present. For example, a silt 
interpretation would likely be assigned to an interval composed of 
interlaminated sand and clay. 
19 
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The sand interpretation is based primarily on the gamma ray 
curve, with the S.P. and resistivity curves of some help. The gamma 
ray count is low (to the left) in a clean sand of normal composition. 
Some sands in this area have relatively high gamma counts, probably 
due to some radioactive mineral content. The resistance-resistivity 
curves show a variable response to sand that may be related to pore 
water chemistry. Sands near the surface have a much higher resistivity 
than sands deeper in the hole, indicating they may be charged with 
more resistant, fresher water. A deflection from the shale base line 
of the S.P. curve indicates a permeable bed, presumably a sand. 
The silt interpretation is based primarily on the gamma ray 
curve. The gamma ray count is intermediate and there is little or 
no S.P. deflection. The interval usually consists of thinly inter-
bedded, very fine sand and clay; however, some predominantly silt 
beds were noted in the cores. Silt may have a lower resistance-
resistivity value than adjacent sands. 
The clay interpretation is based primarily on the gamma ray 
curve and usually has the highest gamma ray count (deflection to the 
right) in the hole (except for some sands with unusual radioactive 
concentrations). The S.P. curve will be flat and the resistance-
resistivity is low relative to adjacent beds. 
The coal interpretation is based primarily on the density 
curve. Coal and lignite have bulk densities of 1.16 to 1.64 g/cc, 
which contrast with sands and shales with densities of approximately 
2.0 g/cc and cemented sands with densities of approximately 2.65 g/cc. 
Coal also has a very low gamma ray count and a high resistance-resistivity. 
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The S.P. curve usually shows no deflection at a coal seam so the S.P. 
can be used to differentiate between coal and washed-out sands. 
The term "hardstreak" is taken from drillers' slang for any 
rock that is hard to drill through. The hardstreak interpretation 
is based primarily on the density curve. This lithology is generally 
cemented sand or limestone with a density in excess of 2.5 g/cc. 
Hardstreaks typically exhibit a fairly low gamma count and a high 
resistance-resistivity. 
Mapping 
The data for each borehole (hole number, location coordinates, 
elevation, and lithologies interpreted from geophysical logs) were 
entered into a permanent data storage file within the company's 
computer system. Computer-generated cross sections and geophysical 
log character of the beds were used to correlate the sedimentary units 
from borehole to borehole (Plates 6, 7, 8). These correlations were 
then entered into the data storage file. In-house computer programs 
extracted the structure and isopach values for each unit so they could 
be used by Unitech Incorporated's CPS l (contour plotting system) 
program to generate contour values. The CPS 1 program sets up a grid 
system {200-foot, or 61-meter, interval used) and assigns a value 
to each grid based on the borehole data around it. On some maps a 
number of boreholes were deleted from the data because they were not 
dri 11 ed deep enough to penetrate the unit, Some of the sand i sopachs 
are of the composite thickness of sand beds in a stratigraphic inter-
val. The contours generated were plotted on a sheet of mylar by a 
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Calcomp 1051 plotter. The contour interval varied on some maps 
(5-foot intervals, 0-30 feet; 20-foot intervals, 30-150 feet) where 
this was needed to prevent overcrowding of the lines. On most of 
the maps one of the contour lines was plotted with a wider pen to 
help delineate the distribution pattern of the unit. The irregular 
pattern of the contour lines in the west central part of Plate 24 and 
the central part of Plate 25 is the result of the lack of control 
points. 
Two maps (Plates 9 and 19) were drawn by hand and used other 
data in addition to the 466 boreholes. 
STRATIGRAPHY 
Porters Creek Formation 
Lithology 
The Porters Creek Formation (Midway Group) is a dark shale 
named by Safford (1864) for exposures along Porters Creek, Hardeman 
County, Tennessee. It is the oldest formation penetrated by bore-
holes in the study area (Fig. 6). The formation is present near 
the surface in the northwestern portion of the study area, where it 
is covered by a thin interval of lower Wilcox sediments and alluvium 
(Plates 7 and 9). The Porters Creek lithology is interpreted from 
geophysical logs to be largely clay, with some thin cemented beds 
("hardstreaks"), that is transitional through 20-40 feet (6-12 m) of 
silt into the sandier Wilcox Group that overlies it. North of the 
study area, near Shreveport, Wilcox Group sands have channeled into 
the Porters Creek Formation and some reworked kaolinite clays are 
present at the contact (Durham and Smith, 1958). 
Thickness 
The formation is reported to have a thickness of 600 feet 
(180 m) in the study area (Murray, 1948, p. 93) and is present 
throughout the central Gulf Coast downdip from its outcrop (Rainwater, 







Fig. 6. Generalized stratigraphic section of the lower Wilcox 
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The Naborton Formation (Wilcox Group), composed of sand, 
silt, clay, and lignite, was named by Murray (1948, p. 95) for 
exposures near the town of Naborton in east-central De Soto Parish. 
The formation is present throughout the study area (Plates 6, 7, 8) 
but is covered by younger formations over much of it (Plate 9). It 
contains three lignite and four sand units that have been named and 
mapped in this study (Fig. 6). The base of the Naborton Formation 
is defined as the base of the lowest dominantly sandy strata (Murray, 
1948, p. 98) or at the lower of the "twin lignites" (Andersen, 1960, 
p. 53). The "NOC" sand is the stratigraphically lowest sand and is 
used as the base of the Naborton Formation in this study. In its 
absence, a persistent cemented bed 15-20 feet (4,5-6 m) below the 
lowest lignite was used to mark the contact (Plates 6, 7, 8). The 
Chemard Lake lignite lentil (Meagher and Aycock, 1942, p. 13) occurs 
at the top of the Naborton Formation. It consists of lignite and 
lignitic clay with a maximum thickness of 10 feet (3 m) in outcrop. 
This lignite is present as far west as Mansfield (Fig. 1), a distance 
of 18 miles (29 km) (Roland et al. 1976), and possibly south into 
Sabine Parish 42 miles (67 km) (Andersen, 1960, Plate 3). The Chemard 
Lake lignite lentil is called the "C" lignite unit in this study 
(Fig. 6). 
Thickness 
The Naborton is 130-195 feet (40-59 ml thick in the study 
area, usually about 140 feet (43m). Where thick sand units are 
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developed, the thickness tends toward the higher values. Where no sand 
units are developed, the formation is thinner. 
Facies 
The lignite units are very persistent throughout the study area 
and they facilitate correlation of the sand units. The sand units 
exhibit facies changes from thick areas with abundant sand and silt 
to thin areas of predominantly clay. In some cases more than one thin 
sand unit is laterally equivalent to a thick sand (Fig. 7). In a 
few restricted areas, a lignite grades into a carbonaceous mud inter-
val (Fig. 7). The base of the Naborton Fonnation is often a sand 
that overlies a transitional silt sequence. This sand is thin and 
not always present. There is a faci es change between this sand ("NOC") 
and the silty sequence it overlies {Plates 6, 7, 8). 
Mapped Units 
The distribution and characteristics of the individual mapped 
units in the Naborton Formation will be discussed below, beginning 
with the lowest, the "NOC" sand {Fig. 6}. 
The distribution of the "NOC" sand unit is mapped on Plate 10. 
This unit has not been cored so its lithology and distribution has 
been interpreted from geophysical logs. From comparison of geophysical 
log response it is 1 i kely that the "NOC" sand is very fine or rather 
clayey, is transitional laterally and below into silt, and often 
becomes cleaner or coarser toward its top. It is often overlain by 
a thin clay and lignite {Plates 6, 7, 8}. A cemented bed {"hardstreak") 








Fig. 7. Schematic cross section showing relationships of units 
mapped in the study area. The shaded units A. B, C, D. 
are lignites. The cross hatched unit BXX is a carbon~ 
aceous clay. The blank units NOC, NAB, NAC. NBA, DH, 
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unit distribution is characterized by bifurcating, sinuous channels 
surrounded by areas with no sand. The best example of a sinuous 
channel can be followed southwest from section 2 to section 9, north-
west to section 5, and south to section 18, all in T. 11 N., R. 10 W. 
Examples of bifurcation of sand channels can be seen in the north half 
of section 33, T. 12 N., R. 10 W., and sections 3 and 4, T. 11 N., 
R. 10 W. The sand channels are not linear but are generally align·ed 
in a north-south or northeast-southwest direction. The "NOC" sand 
unit is 0-38 feet (0-12 m) thick, but is usually 10-20 feet (3-6 m) 
thick in the channel areas. 
The distribution of the "A" lignite unit (Fig. 6) is mapped 
on Plate 11. This unit has not been cored so its lithology and dis-
tribution has been interpreted from geophysical logs. From comparison 
of geophysical log response, the "A" lignite should be generally of 
the same quality as the two other lignites in the Naborton Formation 
(Plates 6, 7, 8). Clay partings are rarely developed in this lignite. 
The lignite is thin, 0-5.6 feet (0-1.7 m) thick, usually 2-3 feet (0.6-
0.9 m) thick. The maximum thickness is in section 3, T. 11 N., R. 10 W. 
An area of thin lignite, less than 2 feet (0.6 m), can be seen on 
Plate 11 extending from section 35, T. 12 N., R. 10 W., south to sections 
14 and 15 and southwest to sections 8, 9 and 10, T. 11 N., R. 10 W. The 
"A" lignite unit is present nearly everywhere in the study area that the 
boreholes were drilled deep enough to penetrate the bed. 
The distribution of the "NAB" sand unit (Fig. 6) is mapped on 
Plate 12. This unit has not been cored so its lithology and distribution 
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has been interpreted from geophysical logs. Some of the thickest, 
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cleanest sands mapped in the study area are assigned to this unit (others 
are assigned to the "DH" sand unit). Some of the thick "NAB" sand beds 
exhibit a blocky character on the geophysical logs (Plate 7, logs 
RR 2530 and RR 2517), and they are often associated with thick silt 
intervals (Plate 8, log DS 1007). This unit is 0-156 feet (0-40 m) 
thick. 
The 30-foot isopach contour outlines a Y-shaped area of thicker 
sand on Plate 12. The base of the Y is oriented north-south, the 
right arm of the Y is oriented north-northeast, and the left arm of 
the Y is oriented northwest. Farther northwest from the northwest arm 
are two isolated areas of thick sand outlined by the 30-foot isopach 
contour. The 30-foot isopach contour also outlines an arcuate area 
of thicker sand that extends west and south of the Y-shaped area from 
section 15 to section 30, T. 11 N., R. 10 W. In the portions of the 
study area north and west of the arcuate thick sand area and between 
the arms of the Y-shaped body, the "NAB" sand unit has a distribution 
pattern that is thinner (0-30 feet, 0-9 m thick), sinuous, and bifur-
cating, similar to the "NOC" sand unit distribution pattern (Plate 10). 
The distribution of the "NAC" sand unit (Fig. 6) is mapped on 
Plate 13. Sediments at this stratigraphic interval have been cored in 
boreholes RR 673, DS 648, and RR 445 (Plates 1, 3, 4, 5). The sediment 
in the interval from 206-220 feet (63-67 m) in core RR 445 (Plate 5) is 
at this stratigraphic level. It is in an area removed from any mapped 
occurrence of "NAC" sand and is a light olive gray, clayey silt that 
appears to have undergone considerable bioturbation. The sediment in 
the interval of 181-187 feet (55-57 m) in core DS 648 (Plate 4) is 
also at this stratigraphic level. It is near mapped occurrences of 
33 
"NAC" sand, and is an olive gray sand that is clayey and interlaminated 
with clay. The bedding is mostly horizontal and there is evidence of 
considerable bioturbation. Some ripple crossbedding is present at 
187 feet ( 57 m). 
The 6-foot isopach contour outlines several isolated occur-
rences of the "NAC" sand unit, many of which flank the thick sand 
occurrences mapped as "NAB" (sections 17 and 20, T. 11 N., R. 10 W.). 
The largest areal extent of "NAC" sand is in sections 7, 8, and 18, 
T. 11 N., R. 10 w., and section 13, T. 11 N., R. 11 W., where 12 bore-
holes are mapped as having "NAC" sand with thicknesses of 5-17 feet 
(1.5-5 m). This area is not adjacent to a thick "NAB" channel, but 
rather in an area where the "NAB" sand exhibits a sinuous, bifurcated 
distribution of sands less than 30 feet (9 m) thick. 
The distribution of the composite sand thickness of the Naborton 
Formation below the "B" lignite unit is mapped on Plate 14. 
The distribution of the "B" 1 ignite unit (Fig. 6) is mapped on 
Plate 15. Sediments at this stratigraphic interval have been cored in 
holes RR 673 and DS 648 (Plates 1, 3, 4). In core DS 648 (Plate 4), 
the upper part of the "B" lignite seam was recovered in the interval 
163-164 feet (49.7-50 m) and it is a hard, black, brittle lignite with 
numerous vitrain bands. 
The "B'' lignite unit is 0-5.2 feet (0-1.55 m) thick, but is 
usually 3-4 feet (0.9-1.2 m). The "B" lignite unit is absent or thin 
in a Y-shaped area that corresponds to a similar area described in 
the "NAB" sand unit (p. 32), and is thinner than average (3.5 feet, 
1.07 m) in an arcuate area that extends west and south from the Y-shaped 
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area from section 15 to section 19, T. 11 N., R. 10 W. The "B" lignite 
unit is also missing in a few holes on the eastern edge of the study 
area (Plate 8, hole RR 1105). These relationships will be discussed 
in more detail later. 
Clay partings are rarely developed in this lignite but in 
places (sections 3 and 16, T. 11 N., R. 10 W.) it is replaced by a 
carbonaceous shale. The thickest "B" lignite is present in the south-
western and north-central portions of the study area. 
The distribution of the "NBA" sand unit (Fig. 6) is mapped on 
Plate 16. Sediments at this stratigraphic interval have been ~ored in 
holes RR 673, OS 648, and RR 445 (Plates 1, 3, 4, 5). In core OS 648 
(Plate 4) the interval of 142-151 feet (43.3-46 m) is a thin "NBA" sand 
bed. It is light gray to light olive gray, very fine grained, and 
contains laminae of clay. Bedding planes are planar or ripple cross-
bedded, and are often marked by concentrations of carbonaceous material 
and grains of resin. The sand is transitional to silty clays above 
and below. 
A distinct linear trend is outlined by the 15-foot isopach 
contour that extends from section 21, T. 12 N., R. 10 W., south to 
section 15, T. 11 N., R. 10 W. A probable extension of this area is 
outlined by the same isopach contour in sections 14 and 23 of the same 
township. The sand in this linear trend exhibits a blocky character 
on geophysical logs (Plate 7, logs RR 2617 and RR 317). The northern 
portion of this area is situated between the arms of the Y defined by 
the "NAB" sand isopach (Plate 12). 
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An area in section 33, T. 12 N., R. 10 W., and section 4, T. 11 N., 
R. 10 W., outlined by the 15-foot isopach of the "NBA" sand, appears re-
lated to the left arm of the Y defined by the "NAB" sand isopach (Plate 
12). It is aligned with the northwest trend and is associated with 
a thick silt interval adjacent to the thick "NAB" sand. This sand 
appears to have eroded down into the "B" lignite unit in some places 
(Plate 6, logs RR 1004 south to DS 653). 
Other sands mapped in the "NBA" interval have a sinuous and 
bifurcated distribution pattern. They are thinner, 5-31 feet (1.5-9.4 m), 
and exhibit a coarsening-up log character (Plate 6, log OS 648). Sands 
with this kind of pattern are present in the southwestern portion of the 
study area (Plate 16). 
The distribution of the composite sand thickness of the Naborton 
Formation is mapped on Plate 17. 
The distribution of the "C" lignite seam is mapped on Plate 18. 
Sediments at this stratigraphic interval have been cored in all four core 
holes (Plates 2, 3, 4, 5). The interval from 125-133 feet (38.1-40.5 m) 
on Plate 3 is typical of the "C" lignite unit. The lignite is black, 
dull, and hard with thin vitrain bands and some inclusions of resin. It 
tends to break along horizontal fusain laminae and vertical cleavage 
faces. The upper portion of the "C" lignite bed in core RR 673 (Plate 3) 
contains a clay parting 0.25 feet (7.6 cm) thick that is composed of 
soft, dark yellow-brown clay with abundant thin laminae of lignite. The 
upper contact of the parting is sharp but the lower contact grades 
through clayey lignite to clean lignite. The lignite bed is in sharp 
contact with the overlying clay, but is transitional for 0.25 feet (7.6 cm) 
at its base with a clay interlaminated with carbonaceous material. 
36 
The "C" lignite unit is 0-11.l feet (0-3.38 m) thick, usually 
6-9 feet (1.8-2.7 m) thick. This lignite is thinner than average 
along a linear trend defined by the 6-foot isopach contour, from 
section 4 to sections 22 and 23, T. 11 N., R. 10 W. This corresponds 
to the location of the left arm and base of the Y-shaped area defined 
·in the "NAB" sand unit {Plate 12). There is also an arcuate trend of 
slightly thinner than average 1 ignite extending west and south from 
section 15 to section 20, T. 11 N., R. 10 W. (Plate 18). 
Some isolated occurrences of thin or absent "C" lignite are 
at the following locations: southeastern sections 28 and 33, T. 12 N., 
R. 10 W., (Plate 6, log RR 762); northwestern sections 3 and 17; south-
central and northeastern section 18, T. 11 N., R. 10 W., (Plate 8, logs 
DS 519 and DS 681); and along the eastern margin of the study area. 
The "C" lignite unit is absent in the north and northwest portions of 
the study area where it has been eroded. 
Two persistent clay partings may be developed in the "C" lignite 
unit. One parting is thin, 0-1 foot (0-0.3 m) thick, and occurs within 
the upper two feet of the bed. It is the parting described above and 
on Plates 3, 4, and 5. It is widely distributed and is included in 
the thickness of the "C" lignite. The other parting, named "CC3", 
occurs in the lower portion of the "C" lignite and its distribution 
is mapped on Plate 19. The "CC3" parting (Fig. 7) is 0-12.3 feet 
(0-3.75 m) thick. The most prominent features on Plate 19 are the two 
parallel bands of mapped parting that extend north from sections 22 
and 23 to section 4, T. 11 N., R. 10 W. The easternmost of the two 
bands continues north to section 28, T. 12 N., R. 10 W. Both bands 
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of the "CC3" parting unit thicken toward the area between the bands. 
The extent of the "CC3" parting is dependent on the extent of the 
thin lignite bed under the "C" lignite unit that is used to define 
it. 
Other occurrences of "CC3" parting are mapped in sections 2, 
11, 20, and 29 of T. 11 N., R. 10 W. 
Relationship between Sand Units and lignite Units 
A comparison of the "NOC" sand isopach (Plate 10) with the 
"A" lignite isopach (Plate 11) does not reveal any relationship be-
tween the two units. The "A" lignite isopach (Plate 11) does show 
some thinning in sections 2, 10, 11, T. 11 N., R. 10 W., which cor-
responds to the location of some thick "NAB" sand as mapped on Plate 12. 
Part of the lignite may have been eroded (Plate 7, log RR 2530), or per-
haps the extra weight of the thick sand overburden resulted in greater 
compaction of the peat that formed the lignite. 
A comparison of the composite thickness of sand in the Nabor-
ton Formation below the "B" lignite (Plate 14) with the "B" lignite 
isopach (Plate 15) reveals a strong correlation between thick sand 
and thin or absent lignite (p. 33). There is a difference in charac-
ter of the relationship between "B" lignite unit isopach and the right 
and left arms of the Y formed by the sand isopach. The "B" lignite 
thins abruptly (isopach lines closer together) and the interval be-
tween the "B" and "C" lignites remains constant adjacent to the left 
arm of the Y formed by the sand isopach {Plate 15; Plate 6, logs 
RR 1004 and DS 1074). The "B" lignite thins gradually (isopach lines 
' ' 
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farther apart) and the interval between the "B" and "C" lignites 
thins adjacent to the right ann of the Y formed by the sand isopach 
(Plate 15; Plate 7, logs RR 2532 and RR 2530). The "B" lignite unit 
thins and the interval between the "B" and "C" lignites thins over 
a thick sand with an arcuate trend extending west and south from 
section 15 to section 30, T. 11 N., R. 10 W., (Plate 6, log DS 1021). 
These sands are stratigraphically below the "B" lignite and their effect 
on the "B" lignite probably is due to differential compaction rates of 
the sand and the surrounding clayey sediments. The "B" lignite is 
absent in some holes on the eastern edge of the study area where it 
appears to have been eroded by a thick sand from above (Plate 8, log 
1105). 
Other areas of thin or absent "B" lignite unit appear to have 
no relationship to sand thickness. The areas where the lignite is re-
placed by carbonaceous clay are not underlain by sand (sections 3, 9, 
and 16, T. 11 N., R. 10 W.). An area of thin lignite is mapped on 
Plate 8 extending southeast from section 7 to section 29, T. 11 N., 
R. 10 W., but there is no thick sand associated with it. 
A comparison of the composite thickness of sand in the Nabor-
ton formation (Plate 17) with the "C" lignite isopach (Plate 18) re-
veals a thinning of the "C" lignite along the left arm and base of 
the Y defined by the sand isopach. This same trend is followed by 
the two parallel bands of the "CC3" parting mapped on Plate 19. Some 
"NBA" sand is thicker than 15 feet (6 ml adjacent to areas where the 
''C'' seam is absent or thin in sections 28 and 33, T. 12 N., R. 10 W., 
and section 3, T. 11 N., R. 10 W., (Plate 18; Plate 7, log RR 2617; 
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Plate 6, log RR 762). The absence of the "C" lignite in section 28 
is due to erosion of the lignite, whereas the thinning in sections 3 
and 33 is due to the development of partings in the lignite. The "C" 
lignite is thin or absent at a few locations in sections 17 and 18, 
T. 11 N., R. 10 W.; however, there is no apparent relationship between 
these thin areas and sand thickness. 
Dolet Hills Formation 
Lithology 
The Dolet Hills Formation (Wilcox Group), composed predominantly 
of sand with interbedded silt and clay, was named by Murray (1948, p. 105) 
for exposures in the Dolet Hills area in central-southeastern De Soto 
Parish. The formation is present throughout all but the northern and 
northwestern portions of the study area, which are below its subcrop 
(Plates 6, 7, 8, 9). It is covered by younger fonnations in the 
southern and eastern portions of the study area (Plate 9). The base 
of the Dolet Hills Formation is the top of the Chemard Lake lignite 
lentil (Murray, 1948, p. 105) whereas the contact with the overlying 
Cow Bayou Formation is the base of the "D" lignite unit (Fig. 6). 
Sediments of this formation have been cored in all four cores 
(Plates 2, 3, 4, 5). The interval of 94-160 feet (28.6-48.8 m) on 
Plate 5 represents the Dolet Hills Formation. The sequence can be 
broken into three sections. The lower section, 148.5-160 feet (45.3-
48.8 m), is predominantly olive-gray clay with thin laminae of sand 
and silt in sharp contact with the underlying lignite. The middle 
section, 125.5-148.5 feet (38.3-45.3 m), is a fining-upward sequence 
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with a sharp basal contact with the clay below; it changes from a clean 
medium-grained sand at the base to a carbonaceous clayey very-fine-
grained sand to a brownish black, waxy clay at the top. The upper 
section, 94-125.5 feet (28.6-38.3 m), is a sequence of sand and silt 
with some laminae of clay in the lower part that is finer but better 
sorted in the upper part. The upper section is capped by a thin sandy 
clay under the "D" lignite unit. 
The clay at the stratigraphic interval of the lower section 
described above appears to be lenticular. Hogenson (1980) found fora-
miniferans in a clay at this stratigraphic interval west of the study 
area but no microfauna was found in this core. Sands similar in 
character to the upper section are predominant in the Dolet Hills Forma-
tion in the study area. 
Thickness 
The Dolet Hills Formation is 55-208 feet (17-63 m) thick, but 
is usually about 70 feet (21 m). Where thick sand units are present 
(Plate 8, log RR 947), the thickness tends toward the higher values. 
The formation is less than 65 feet (20 m) along its subcrop where it 
has been partially eroded. 
Facies 
The sands in the Dolet Hills Formation seem to be lenticular 
and variable in thickness. A very thick sand is present on the east 
edge of the study area and it grades westward into a thinner sand, 
silt and clay sequence {Plate 8, log RR 947). The "C" lignite has 
developed a parting adjacent to this thick sand. Another area, 
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sections 21 and 29, T. 11 N., R. 10 W., also is likely to be near a 
thick channel because the formation has thickened to 90 feet (27 m), 
sand comprises a large portion of the formation, and the "C" lignite 
has developed a parting. 
Mapped Units 
The distribution of the composite sand thickness of the Dolet 
Hills Formation (Fig. 6) is mapped on Plate 20. An area of less than 
30 feet (9 m) of net sand extends southeast from section 4 to section 
23, T. 11 N., R. 10 W. In sections 14 and 23 along the thin sand 
area described above the total thickness of the Dolet Hills Formation 
is 55 feet (17 m). This trend represents a true thinning of the Dolet 
Hills Formation and a low sand to shale ratio. The total formation 
is also thin in sections 2, 3, and 22, T. 11 N., R. 10 W., with a low 
sand to shale ratio for these areas as well. 
A thick sand in the Dolet Hills Formation in sections 1, 12, 
and 13, T. 11 N., R. 10 W., is made up of clean sands with interbedded 
"hardstreaks" (Plate 8, logs RR 947, RR 1104, RR 1105). The sands 
have a blocky log characteristic. 
Relationship between Sand Units and Lignite Units 
The Dolet Hills Formation seems to be thinner and contain less 
sand (Plate 20) along the same trend as the thin "C" lignite unit 
isopach (Plate 18). The "C" lignite develops a parting (CC3, Plate 19) 
adjacent to thick Dolet Hills sands in the eastern portions of sections 2 
and 11, and sections 20 and 29, T. 11 N., R. 10 W. The lignite is not 
present east of sections 2 and 11 and may not be present south of section 
29 if the same relationships are true. 
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Cow Bayou Formation 
Lithology 
The Cow Bayou Formation (Wilcox Group), composed of sand, 
silt, clay, and lignite, was named by Murray (1948, p. 110) for ex-
posures along a tributary to the Sabine River in southwestern De Soto 
Parish. The formation is present only in the southern and eastern 
sections of the study area (Plate 9). It contains the "D" lignite 
unit (Fig. 6), that was mapped (Plate 21), and a few sands that were 
not mapped. The formation was cored in two of the core holes (RR 445 
and RR 508, Plates 5 and 2). The interval of 72-94 feet (21.9-28.6 m) 
in core RR 445 (Plate 5) is assigned to the Cow Bayou Formation. The 
interval of 89-94 feet (27.1-28.6 m) is the "D" lignite. In this core 
it is black, brittle, and dull, but with numerous thin vitrain bands. 
A thin, tan, waxy clay parting is present in the upper part of the seam. 
Above the lignite is a dark sandy clay with abundant carbonaceous in-
clusions that becomes sandier upward with more laminae and lenses of 
sand. 
Thickness 
The maximum thickness of the Cow Bayou Formation in the study 
area is 125 feet (38 m) (Plate 7, log NT 258). Usually less than 40 
feet (12 m) of the formation is present because of extensive erosion 
by the ancestral Red River (Plates 6, 7, 8). 
Faci es 
The "D" lignite unit splits into two thin seams in the south-
eastern corner of the study area. Because a sand bed (DD1, Fig. 7) is 
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present between the seams (Plate 7), .this may be an i nterfi ngeri ng 
relationship between the Oolet Hills Formation and the Cow Bayou Forma-
tion. Most sands in the Cow Bayou Formation are thin and lenticular. 
Mapped Units 
The distribution of the "O" lignite unit (Fig. 6) is mapped 
on Plate 21. The main body of the "D" 1 ignite extends southeast from 
section 35, T. 12 N., R. 10 W., to section 13, T. 11 N., R. 10 W. 
This area is one mile wide on the north, two miles wide on the south, 
and bounded on the west, north and east by erosional contacts (Plate 8, 
logs RR 568-RR 947). The lignite is 4-6 feet (1.2-1.8 m) thick in 
this area, except for some locations in sections 2 and 35 where the 
lignite is thinner. The lignite splits into two thin seams south of 
this area (southeastern section 13, southern section 22, sections 23 
and 24, T. 11 N., R. 10 W.). Isolated occurrences of the "O" lignite 
occur in section 24, T. 11 N., R. 11 W., and on top of Coushanda Hill, 
sections 21 and 28, T. 12 N., R. 10 W. In both of these locations 
the lignite is thin, 2-3 feet (0.6-0.9 m). 
Relationship between Sand Units and Lignite Units 
The main body of the "D" lignite occupies a basin bounded on 
the east by an erosional contact that corresponds with the occurrence 
of thick sand mapped as Dolet Hills Formation (Plate 20) and on the 
west by an erosional contact that corresponds with the occurrence of 
thick sand mapped as Naborton Formation (Plate 17). These sands 
affected the structural elevation of the 1 ignite and facilitated its 
erosion along their trend (Plate 8, logs RR 568-RR 947). 
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The sand that is present between the splits of the "D" lignite 
has a coarsening-upward character on the geophysical log and is similar 
in appearance to the Dolet Hills Formation sands below the lignite. 
STRUCTURE 
Regional Dip 
The regional dip of the study area can be inferred from pub-
lished maps (p. 8} to be 38-50 feet per mile (7-9 m/km). Structure 
contour maps have been drawn on top of the four lignites in the 
study area (Plates 22-25). 
The strike of the "A" lignite unit (Plate 22) varies from 
N. 29° E. in the northwestern part of the study area to N. 40° E. in 
the central part, to apparently east-west in a small area in the 
west-central part. The dips for these areas are 36 feet per mile 
(6.8 m/km} to the southeast, 41 feet per mile (7.8 m/km} to the south-
east, and 44 feet per mile (8.4 m/km} to the south. These numbers 
probably indicate the regional structure of the study area better than 
values for the other lignites because the "A" lignite is below thick 
sand units that will affect the upper units because of differential 
compaction between sand-rich and clay-rich sediments. 
Minor Folds 
Minor folding is present in all four lignites, but is least 
prevalent in the "A" lignite unit (Plate 22). Small reversals of 
the dip of the "A" lignite are present in section 2, the central part 
of section 21, and the northwestern part of section 22, T. 11 N., R. 10 W. 
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In the area between section 2 and section 22 the dip is considerably 
flatter than normal. This corresponds to the position of the right 
arm and base of the Y-shaped thick "NAB" sand body (Plate 12). 
The structure of the top of the "B" lignite unit is mapped 
on Plate 23. A large area of flattened dip is present in sections 2, 
3, 10, 11, 15, and 22, T. 11 N., R. 10 W. There is a subtle anti-
clinal ridge along the east edge of this flat area (section 35, T. 12 N., 
R. 10 W.,to section 22, T. 11 N., R. 10 W.) that is bounded on the 
west by isolated structurally low areas and on the east by a zone of 
steeper dips (88 feet per mile, 16.8 m/km) to the east-southeast. These 
structural highs correspond to the position of the right arm and base 
of the Y-shaped thick sand body mapped as "NAB" {Plate 12). 
The position of the arcuate thick "NAB" sand body (Plate 12) 
that extends west and south from section 15, T. 11 N., R. 10 W., is 
subtly marked by a few anomalously high elevations on top of the "B" 
lignite (Plate 23). 
The structure on the top of the "C" lignite unit is mapped on 
Plate 24. A pronounced nose in the structure contours extending south-
east from section 4 to section 14, T. 11 N., R. 10 W., is the most 
prominent feature on this map. Its location corresponds to that of 
the left arm of the Y-shaped, thick composite sand in the Naborton 
Formation {Plate 17). A narrow anticlinal ridge can be seen on Plate 24 
extending south from section 35, T. 12 N., R. 10 W., to section 22, 
T. 11 N., R. 10 W., bounded on the west by isolated structurally low 
areas and on the east by a zone of steeper dips. The location of these 
structural highs correspond with the position of the right arm and base 
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of the Y-shaped thick composite Naborton Formation sand (Plate 17}. 
A subtle nose extends south from the northwestern portion of section 34, 
T. 12 N.,·R. 10 W., through the center of section 3, T. 11 N., R. 10 W., 
along a trend that corresponds to the linear, thick "NBA" sand body· . . 
(Plate 16). 
The structure on the top of the I'll" lignite un.it i.s mapped on 
Plate 25. There is a reversal of dip of the "D" lignite in secti.on 35, 
T. 12 N., R. 10.W., that aligns with a few isolated structural highs 
in sections 2 and 11, T. 11 N., R. 10 W., to mark the right arm of 
the Y-shaped thick composite sand in the Naborton Formation (Plate 17}. 
The most dramatic structura 1 feature on· Pl ate 25 is the change of strike 
and dip in section 12 and in the northeastern portion of section 13, 
T. 11 N., R. 10 W. The strike there is northwest-southeast and the dip 
is 68 feet per mile (13 m/km) southwest. Just two miles away, in 
section 23, T. 11 N., R. 10 W., the strike is northeast-southwest and 
the dip is 96 feet per mile (18.3 m/km) southeast. 
Faults 
Detailed drilling has documented the existence of faulting in 
sections 21, 27, 28, 33, and 34, T. 12 N., R. 10 W. The fault traces 
are shown on Plates 22-24. These are normal faults with throws of 
10-50 feet (3-15 m). The fault traces are oriented generally east-west 
and, in section 28, form a small graben feature. Additional faults 
may be present in the study area, but they are difficult to identify 
without closely-spaced drilling because of their small throw. 
DEPOSITIONAL ENVIRONMENTS 
Interpretations 
Much of the interpretation of depositional environments was 
taken from the geophysical log characteristics of the sediments. This · 
was necessary because of the limited amount of core available and 
lack of outcrops in the study area. The cores were used to determine 
the sedimentary features associated with some log responses and this 
information was used with the distribution pattern of the units. 
Kaiser {1980) stated that geophysical log patterns of sand· 
units can be related to specific depositional environments: a jagged, 
sawtooth-shaped pattern is indicative of a levee environment; a blocky, 
squared-off pattern is indicative of a distributary channel; a fining-
upward, Christmas tree pattern is indicative of a fluvial channel; 
and a coarsening-upward, inverted Christmas tree pattern is indicative 
of a crevasse splay {often capped by a coal). 
Flores {1981, p. 172) described Paleocene sandstones in the 
Powder River Ba.sin that he believed were deposited in the crevasse-splay 
environment .and had the following characteristics: tabular; coarsening 
upward; burrowed and rooted; and with large and smal 1 scale cross 
1 aminati ons, paral 1 el laminations, and ripple laminations. 
The "NBA" sand bed cored in DS 648 and described on page 34 
fits this description and has the inverted Christmas tree log charac-
teristic described by Kaiser. The "NOC" sand unit, many "NAB" sand 
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beds less than 30 feet (9 m), the "NAC" sand unit, and most of the 
sand beds in the Dolet Hills Fonnation have a similar geophysical log 
character and a sinuous bifurcating sand channel distribution pattern. 
These sands are all therefore interpreted to be the channel and sheet 
sands of crevasse splay deposits. 
The middle section of the Dolet Aills Fonnation core described 
on page 39 would fit Flores' (1981,p. 171) parameters for a fluvial 
channel: erosional base; fining upward; and with large festoon and 
planar crossbeds, large convolute laminations, and ripple laminations. 
It is overlain by a thin vertical accretion deposit (Walker and Cant, 
1979, p. 24). This section has a fining-upward or Christmas tree log 
characteristic. Only a few sand beds in the Dolet Hills Fonnation have 
similar characteristics. 
In core RR 673 (Plate 3) the sand in the interval 77-91 feet 
(23.5-27.7 m) has the characteristics of a distributary channel deposit. 
Shelton {1973, Plate 3) indicated that massive to crossbedded, clean 
sands with uniform to fining-upward grain size, sharp basal contacts, 
width-thickness ratios of less than 30, and a linear isopach map trend 
are distributary channel deposits. Thick sand beds in the "NAB", "NBA", 
and Dolet Hills Fonnation are interpreted to be this type of deposit. 
The silt sequences flanking sands identified as channels are 
believed to be levee deposits (Plate 6, log OS 644). Silty clays over-
lying sands interpreted as crevasse-splay deposits are believed to be 
overbank deposits. Gray, silty, horizontally-laminated clays are 
interpreted to be lacustrine· deposits. 
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Depositional Histor1..2f Lower Wilcox Group in Study Area 
When the Porters Creek sediments were being deposited, the 
study area was occupied by a shallow sea being supplied with abundant 
fine elastics from the north. When the Laramide Orogeny uplifted source 
areas, coarser elastics were carried to this area from the Rocky Moun-
tain and Midcontinent regions. The clays and silts of the upper part 
of the Porters Creek Formation are the delta front deposits of the Wil-
cox deltas. Sand first entered the study area from the north and east 
in small channels ("NOC" sand unit, Fig. 8, A} of a crevasse splay that 
spread south and west across a shallow bay. The bay was filled and a 
thin accumulation of overbank mud covered the sand and silt at the top 
of the bay fill sequence. Vegetation became established and formed a 
widespread, but thin, peat deposit ("A" lignite unit, Fig. 8, B). A 
major channel (right arm of Y of "NAB", Fig. 8, C) established itself 
on the east side of the study area and covered the peat swamp with over-
bank clays. A breach in the levee of the major channel allowed sediment 
to spill out into the flood basin through a minor channel (arcuate 
channel of "NAB", Fig. 8, C) building another crevasse splay deposit 
(widespread "NAB" sand with sinuous, bifurcated channels, Fig. 8, C). 
These channels were abandoned and the deposition of overbank clays and 
silts began. A minor channel established itself from the northwest to 
the southeast across the center of the study area (left arm of Y of 
"NAB", Fig. 8, D) and reoccupied the southern portion of the major 
channel. Breaks in the levees allowed the formation of crevasse splay 




Fig. 8. · Maps showing .distribution of lithology at several lower 
Wilcox stratigraphic intervals in the study area. Map A 
represents the "NOC" sand interval. Map B represents the 
"A" lignite interval. Map C represents an early "NAB" 
(right arm of Y) interval. Map D represents · a 1 ate "NABII 
and "NAC" ( left arm of Y) interva 1. Map E represents the 
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and overbank clays and silts were deposited in the flood basin. Vege-
tation became established and a peat ("B" lignite, Fig. 8, E) fonned 
everywhere except along a low ridge formed over the major channel (right 
arm and base of Y of "NAB", Fig. 8, C) due to differential compaction 
of the sandy section and adjacent clayey sections. Water ponded in 
a few low spots and some carbonaceous mud ("BXX", Fig. 8, E) accumu-
lated in the swamp. The swamp became submergent and the vegetation 
died. A minor channel {linear "NBA", Fig. 9, A) established itself 
from north to south across the study area only to be cut through and 
buried by a major channel establishing itself along the same trend as 
an older minor channel (left arm of Y composite sand of the Naborton 
Formation, Fig. 9, B). This major channel cut down into older sediments 
and reoccupied the southern portion of the older major channel. This 
new channel was flanked by wide, silty levees and deposited fewer coarse 
elastics than the older channel. Widespread crevasse-splay deposits 
("NBA" less than 15 feet thick, 4.6m, Fig. 9, B) covered the adjacent 
flood basin. Vegetation became established in the basin and a thick 
peat ("C" lignite, Fig. 9, C) eventually was even deposited over the 
top of the channel when it was abandoned. The swamp eventually became 
submergent in some areas and a sandy, gray clay was deposited over the 
peat. The swamp and lake were bounded on the east by a major channel 
(''DH'', F" 9 D) 1 g. ' . Crevasse-splay and fluvial deposits filled low 
areas as this channel grew larger. Vegetation became established and 
a peat ("D 11 lignite, Fig. 9, E) was deposited. The peat was thin to 
the north and west and split by a crevasse splay deposit to the south-
east. The peat was overlain by overbank clays and silts. 
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Fig. 9, Maps showing distribution of lithology at several lower 
Wi 1 cox stratigraphic i nterva 1 s in the study area. Map A 
represents an early "NBA" {linear) interval. Map B. 
represents a late "NBA" {left arm of Y) interval. Map C 
represents the "C" lignite interval. Map D represents 
the Do 1 et Hi 11 s interva 1. Map E represents the "D" 
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The Porters Creek Formation is a dark shale, the upper 40 feet 
(1_2 m) of which is silty and transitional with the overlying Naborton 
Formation. The Naborton Formation in the study area is composed of 
130-195 feet (40-59 m) of sand, silt,. clay, and lignite. A basal sand 
unit ("NOC") marks the contact with the underlying Porters Creek 
Formation. The top of the "C" lignite unit of this study (Chemard Lake 
lignite lentil. Meagher and Aycock, 1942) marks the contact with the 
overlying Dolet Hills Fonnation. There are three lignite seams in the 
Naborton Formation in the study area and their average total thickness 
is 13.5 feet (4.1 m), or about 10% of the fonnation thickness. The 
maximum individual lignite thickness is 11 feet (3.4 m). The lateral 
extent of each lignite is controlled by recent erosion and by some thick 
sand units in the Naborton and Dolet Hills Formations. The lignites often 
are thin or not present near thick sand units. The Dolet Hills Formation 
is composed of 55-208 feet (17-63 m) of sand with interbedded silt and 
clay. The Cow Bayou Formation is composed of sand, silt, clay, and lignite. 
It is generally restricted to the southern and eastern parts of the ·study 
area because it was removed by recent erosion elsewhere. The base of the 
Cow Bayou Formation is marked by the base of the "D" lignite unit of this 
study. This lignite is thin on the northern and western parts of the 
study area, 4-6 feet (l.2-1.8 m) thick in the central part, and split into 




The structure mapped on top of the lowest lignite unit ("All) 
in the Naborton Fonnation is simpler than that of the other lignites. 
Its strike averages N. 35° E. and its average dip is 39 feet per mile 
(7.4 m/km) to the southeast. The overlying lignites are folded and 
often are structurally higher over thick sand units. This is the result 
of .different rates of compaction of the sand beds and surrounding clay 
beds. Nonnal faults, with.throws of up to 50 feet (15.2 m) trend 
generally east-west across the northern part of the study area, 
The upper part of the Porters Creek Fonnation was probably 
deposited in delta front and crevasse splay environments. The Nabor-
ton Fonnation was probably deposited in.distributary channel, levee, 
crevasse splay, overbank., and swamp environments. The lignites of the 
Nabor.ton Formation become progressively better developed higher in the 
section, which may imply a progression from lower delta plain deposition 
toward the transition with upper delta plain deposition. Sediment 
transport was probably from the north to south and northwest to southeast 
through the study area during Naborton .deposition. The Dolet Hills 
Fonnation was probably deposited in distributary channel, fluvial channel, 
crevasse splay, and lacustrine environments. The predominance of sand, 
coarser grain sizes, and evidence of fluvial environments may imply upper 
delta plain deposition. The Cow Bayou Fonnation of the study area 
probably was deposited in crevasse splay, overbank, and swamp environments. 
The "O" lignite unit is split into two thin lignites by a crevasse splay 
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BROWN 1-\ l'fO ltLLUW tlKOWN 
PATTERN 
UNCONSOLIDATED, LT . GRAY W/STAINING OF RED 
~tuLJJNG \HURTZONIAL) UR IN IRREGULAR .. ... h ... 
... ' ... " •. .. /J • •• .. . ,, .. . • 
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s 
' 
I I>< ' - 5YR2/l I I ~ CORE LOSS . 
II I: II I - ~ SAND, SLIGHTLY CLAYEY, LIGHT OLIVE GRAY' MICACEOUS, W/JHIN CARBONACEOUS 
- :.:.. : . -J,5Y5/2 I I LAMINAE ONE SMP.LL (2MM X ]CM) VERTICAL SANO FILLED BURROW TRACE · · · ·- ---++-M·tt, ../ CLAY , OLIVE GRAY TO OLIVE BLACK, SANDY ABOVE AND BELOW 60.5 WHERE lT IS 
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SA ND, SILTv°, W/LAMINAE OF CLAY, LI GHT OLIVE GRAY TO OLIVE GRA Y, A FEW ,I 
CARBONACEOUS LAMINAE , NUMEROUS TAN TO DU LL ORANGE CLAY GRAIN S , SL! MICA - J 
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DES CR I PT ION 
CORE LOSS 
CLAY, VERY SOFT, STICKY, MODERATE RED , NO APPARENT BEDDTNG, SOME CAPJlONA-
CFOUS INCLUSIONS, SILTY & TRANSI TIONAL TO 
SAND, MASSIVE, UNCONSOLIDATED BUT COHESIVE, MODERATE BRO WN , QUARTZOSE & 
SL! MICACEOUS , SIL TY IN THE UPPER PART 
DARK YELLOWISH BROWN 
DARK YELLOWISH BROWN 
SAND 
INCLUSIONS OF WOOD 
FAINT CROSS BEDDING 
SAND, MASSIVE, UNCONSOLIDATED GUT COHESIVE, DARK YELLOW BROWN, QUARTZOS E 





AND SILTS, CLAYEY TN PART, OLIVE GRAY, WITH TAN CLAY 
UNIT 1015 
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OXBOW MINE SITE , LOUISIANA 
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" •• •U ••' 11 
RESISTIVITY- 50 n. S.P-50 mv/in 
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. 0 . . .. 
1981 .. 0. ' 
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% SAND - SILT - CLAY RESPECTIVELY 
( from sieve and pipette analysis) 
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DESCRl PT I ON 
CORE LOSS 
CLAY, SOFT AND STICKY, PALE TO MODERATE BROWN W/STREAKS OF GREEN & GRAY. 
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SAND, SLIGHTLY CLAYEY, COHESIVE AND FIRM, ROOT TRACES, MODERATE BROWN 
CLAY, SOF~ MODERATE BROWN, HACKLEY FRACTURE, W/SCATTERED SAND GRAINS, 
ROOT TRACES, SOME CONCRETIONS TO 3 CM 
CORE LOSS 
CLAY, SOFT, LT. BLUISH GRAY AND LT. BROWN, SA~O CONTENT INCREASES DOWNWARD 
AND THERE ARE SOME POCKETS OF SAND NEAR THE BOTTOM 
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" . 
MUD RES. - 6 .5 fl TEMP - 63° F " , " 
11 ii 
1--------------~" Cl • r1 ,1 
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LIGNITE, BLACK, DULL WITH THIN VITREOUS BANOS, SOME RESIN N~AR THE TOP 
CLAY, SPLIT, OLIVE GRAY, SOFT, v/AXY, W/ABUNDANT LIGNl .lE STRINGERS 
CORE LOSS 
I NTE RL.~M I 
PATCHES OF 
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NUMEROUS SMALL VERTICA!. BURROW TRACES 
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INCLUSIONS AND DULL ORANGE TO TAN CLAY GRAINS 
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ABUNDANT VERY FINE TO MEDIUM SIZED TAN CLAY GRAINS 
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RESISTIVITY- 50 fl. S.P.- 5 mv / In 
GG DENSITY-1000 cps/in ELEV.-127' 
HALLE, 1981 
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